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a   Duplication de gène
Transcription




b   Duplication par rétroposition
Fusion
d   Fusion de gènes
Divergence
f   Domestication moléculaire
Acquisition d’un 
promoteur
e   Émergence de novo
Élément 
transposable
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[41=95*J;C6403:
[41=95*FX*M;37:J;C5*0O*!"#*7=C/4J;65:*C95:536*43*W4O6553*85965?9;65*1530<5:S[59(EB(=9+*9>+3*9(!"#( 79)9:( `,)(*,4a(3+9(-0=0-9-(0)*,( *59(;(7+,.4:(\EY(\HY( RY(FY('Y(](3)-(j_( O562,79)9*0/( +923*0,):504:( ,D( *59( -0DD9+9)*( 3)326U9-( =9+*9>+3*9( :49/09:( 3+9(:5,q)(,)(*59(29D*_( [59(,+3)79(/0+/29(,)(*59(4562,79)6(+94+9:9)*:(*59(*929,:*W:49/0S0/(y^F_( [59(3)326:9:( q9+9( 49+D,+G9-( ,)( *59( S0=9( ),)W*929,:*( :49/09:( 929453)*( :53+t(
L())"-41,04/!' ?1)11' `L?aY( G,.:9( Y/!(?/!0/)/!( `Y?aY( 5.G3)( E"?"' !(31%,!( `E!aY(/,923/3)*5(8(&1?%-1(( 04()/?,(%( `80a( 3)-(:4,**9-W73+( 8%31!"!&%/!("0/)(&/!( `8"a( 3)-(*59(*9)(*929,:*(:49/09:(/3=9(S0:5(a!&5(,(#'?%#10(,/!(`a?aY( U9>+3S0:5(D(,1"(-%-1"(`D-aY(:32G,)(N()?"( !()(-( `N!aY( /,-(C(./!(?"-4/(( `C?aY( *023403(S-%"04-"?1!(,1)"&10/!( `S,aY(G9-3t3( S-5O1(!( )(&13%!( `S)aY( 423*6S0:5( `134"34"-/!( ?(0/)(&/! ( ``?aY( *9*+3,-,)(
W%&-(".",(,16-"91-1.1! (`W,aY( D.7.(W(T1A/6/(-/:-13%!(`W-a(3)-(:*0/t29>3/t(C(!&%-"!&%/!(
(0/)%(&/!( `C(a_( <075*( >2.9( 3)-( ,+3)79( :@.3+9:( :5,q( +9:49/*0=926( :0)729*,)( 3)-(-.420/3*9:(4+,-./9-(>6(y^F_(F3+t(>2.9(:@.3+9:(:5,q(-.420/3*9:(4+,-./9-(>6(:G322W:/329(-.420/3*0,)(`!!Fa_(^+96(:@.3+9:(0)-0/3*9(),)W-9*9/*9-(/,46(0)(*59(79),G9_([59(G3GG32:W:49/0S0/(!,K$(7+,.4(0:(),*(:5,q)(,)(*59(S07.+9_(
[41=95*KX*\;J90:.3653.*0O*6-5*65/50:6V:C5J4W4J*eb&V7=C/4J;657*!"#*1535:S*^+96( 20)9:( /,))9/*(43+32,7.9(79)9:( ,)(*59( -0DD9+9)*( /5+,G,:,G9:(,+(7+,.4:( 0)( *59(U9>+3S0:5(`3aY( G9-3t3( `>aY( :*0/t29>3/t( `/a(3)-(*9*+3,-,)(`-a(79),G9:( `R5+,G,:,G9(,+(7+,.4().G>9+:(3+9(0)-0/3*9-(0)(7+96a_("+3)79(20)9:(/,))9/*(43+32,7.9(!"#(79)9:(,)(/5+,G,:,G9:_( %)( *59( /3:9( ,D( )9075>,+0)7( 79)9:( !"#c( 3)-( !"#^Y( 3( :0)729( /.+=9(+94+9:9)*:(*59(20)t(>9*q99)(*59(*q,(-.420/3*9:_(
[41=95*LX*"03VJ07431*;37*J07431*:5B=53J5:*580/=6403*0O*W485*!"#*7=C/4J;65:S*R,):9+=9-( ),)W/,-0)7( 929G9)*:( `Ro':a( 3+9( 50752075*9-( 0)( *59( =0/0)0*6( ,D( S0:5( !"#(79)9:Y( 90*59+( 4+9:9)*( .4( *,( 5.G3)(,+(>90)7( S0:5W:49/0S0/Y( q0*5( *59( :4,**9-W73+(3:( 3(+9D9+9)/9_( \2.9( 3)-( ,+3)79( /0+/29:( +94+9:9)*( Ro':( +9:49/*0=926( 0)( *59( =0/0)0*6( ,D(43+32,7.9(3(3)-(43+32,7.9(>(,D(!"#F(`3aY(!"#$$(`>aY(!"#c(`/aY(!"#^(`-a(3)-(!"#$_(`9a_(
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[41=95*NX*T>C95::403*C;66593*0O*W485*!"#*7=C/4J;65:*43*6-955*65/50:6*:C5J45:S`3a( 'K4+9::0,)(,D( S0=9( -.420/3*9-( !"#( 79)9( -.+0)7( *59(D(,1"' -%-1"( `D-a( 3)-(S-5O1(!'
)(&13%!(`S)a(-9=92,4G9)*_( [59(S0=9(G3i,+( -9=92,49G9)*32(49+0,-:(3+9(-9S0)9-(,)(*59(29D*_(`>a('K4+9::0,)(,D(S0=9(-.420/3*9-(!"#(79)9(0)(:9=9)(3-.2*(*0::.:(,D(D(,1"'-%-1"(`D-aY(
S-5O1(!')(&13%!(`S)aY(`134"34"-/!'?(0/)(&/!(``?a(3)-(Y/!'?/!0/)/!'` Y?a_(N"#().G>9+(3+9(:5,q)(3*(*59(>,**,G(3)-(43+32,7.9:(3(3)-(>(3+9(4+9:9)*9-(,)(*,4_(\2.9(3)-(7+96(:@.3+9:(0)-0/3*9(79)9(9K4+9::0,)(3)-(),(9K4+9::0,)Y(+9:49/*0=926_([59(0)*9):0*6(,D(*59(>2.9( 0:( -9S0)9-( D+,G( *59( ÑÑR*( =32.9( `:99( G3*9+032( n( G9*5,-:a( 3)-( -3+t9):( q0*5(9K4+9::0,)(0)/+93:9_
#;?/5*FX((0<C;94:03*0O*;/6593;6485*<075/:*i46-*74OO59536*?9;3J-V:C5J4W4J*7"j7P*
9;640*43*5;J-*C;9;/01=5*O09*+*C;49:*0O*!"#S
P=CC/5<536;9.* W41=95*FS( O562,79)9*0/( +9/,):*+./*0,):( 3)-(G3/+,:6)*9)6(3)326:9:(,D( !"#$' `3EWNaU' !"#F' `>EWNaU' !"#f' `/EWNaY( !"#c( `-EWNaY( !"#^( `9EWNaY( !"#$_( `DEWNaY( !"#$$(`7EWHaY(!"#$F( `5EWNaY( !"#]$(`0EWHaY( !"#$bmR]( `iEWNa(3)-(!"#$ (^ `ta(0)(*929,:*93)(S0:59:_(O3+32,7.9(3(3)-(43+32,7.9(>(3+9(+9:49/*0=926(50752075*9-(0)(>2.9(3)-(,+3)79_(
P=CC/5<536;9.*W41=95*KS(#3/+,:6)*9)6(3)326:9:(3)-(,+*5,2,76(+923*0,):504:(,D(!"#](`3aY(!"#R'`>aY(!"#e'`/aY(!"#$R'`-aY(!"#b'`9a(3)-(!"#$c'`Da(0)(*59(D,.+(U9>+3S0:5(D(,1"(-%-1"(`D-aY( G9-3t3( S-5O1(! ( )(&13%!( `S)aY( *9*+3,-,)( W%&-(".",( ,16-"91-1.1!( `W,aY( 3)-(:*0/t29>3/t(C(!&%-"!&%/!((0/)%(&/!(`C(a_
P=CC/5<536;9.* 6;?/5*FS*$//9::0,)().G>9+:(,+( :/3DD,2-(+9D9+9)/9:(,D(*59(:9@.9)/9:(.:9-(0)(*50:(:*.-6_

























o,*+9(8*.-9(4+8/8-9)*9(-8G,)*+9(@.9(23(-.420/3*0,)(-9(78),G9(:.+=9).9(1(23(>3:9(-9:(4,0::,):( *828,:*89):( 02( 6(3(9)=0+,)(NII(#3( `p3)(-9( O99+(%&' ()*( HIIBat3Y( 29( *8*+3,-,)Y( 9*( 29( D.7._( <9:(G,-C29:( /23::0@.9:( 4,.+(9K420@.9+( 23( 4+8:9+=3*0,)( :.+( 29( 2,)7( *9+G9( -9:( 7C)9:( -.420@.8:( :,)*( 23( :,.:WD,)/*0,))320:3*0,)Y(@.0(/,):0:*9(9)(23(-0:*+0>.*0,)(-9:(-0DD8+9)*9:(:,.:WD,)/*0,):(-.(7C)9(3)/9:*+32( 9)*+9( 29:( -9.K( 43+32,7.9:Y( 9*m,.( 23( )8,WD,)/*0,))320:3*0,)Y( ,w( .)( 43+32,7.9(/,):9+=9(23(D,)/*0,)(3)/9:*+329Y( *3)-0:(@.9(29(:9/,)-(3/@.09+*(.)9(),.=9229(D,)/*0,)_( <9(4+9G09+( ,>i9/*0D(-9(/9**9(:9/,)-9(8*.-9(9:*(-9(4+8/0:9+(29:(-,G30)9:(-?9K4+9::0,)(-9:(-9.K(43+32,7.9:(!"#$$(43+(56>+0-3*0,)(1,'!1&/(-3):(29(/9+=93.(9*(29:(,=30+9:(-9:(4,0::,)WUC>+9(9*(423*6(4,.+(344,+*9+(.)9(4+9G0C+9(0)-0/3*0,)(:.+(29(+d29(>0,2,70@.9(-9(/9:(7C)9:(-3):( /9:(-9.K(*0::.:(,w( 02:(:,)*(G3i,+0*30+9G9)*( 9K4+0G8:_(F3):(.)(:9/,)-(*9G4:Y( /9:(-,))89:( :,)*( -9:*0)89:( 1( D,.+)0+( -9:( 0)-0/3*0,):( :.+( 29:( G8/3)0:G9:( 8=,2.*0D:( `:,.:WD,)/*0,))320:3*0,)(9*m,.()8,WD,)/*0,))320:3*0,)a(@.0(,)*(4.(/,)*+0>.9+(1(23(4+8:9+=3*0,)(-9:(-9.K(/,409:(!"#$$(-3):(/53/.)(-9:(-9.K(4,0::,)WUC>+9(9*(423*6_(
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TZP:\L:GU:" ^ZLG::YR#:UZjZf]:" T:R" #e\e^NL]:R" NS`$$" e#\:R"T]#^ZUe[ZNG"T:"L:GNJ:
$2:=<2
i9**9:(1(-8>3*(-3):(23( G9:.+9( ,w( 42.:( -9( ETI(G0220,):( -?3))89:( :843+9)*( 23( -.420/3*0,)( -9( 78),G9(-9( 23(+3-03*0,)(8=,2.*0=9(-9:(*828,:*89):_( o83)G,0):Y(),.:(4,.=,):(D30+9( 2?564,*5C:9(@.9(29:(7C)9:(-.420@.8:Y(@.0(:.+=0=9)*(:.+(-9(*+C:( 2,)7.9:(48+0,-9:(8=,2.*0=9:Y( 49.=9)*(8=,2.9+(0)-849)-3GG9)*( -3):( -0DD8+9)*9:( 207)89:( -9( 4,0::,):( *828,:*89):( 9*( D3=,+0:9+( 23(-0=9+:0S0/3*0,)(-9:(9:4C/9:(2,)7*9G4:(34+C:(23(-.420/3*0,)(-9(78),G9_( O,.+(*9:*9+(/9**9(564,*5C:9Y( ),.:( 3=,):( 8*.-08( 2?8=,2.*0,)( -9:( -,G30)9:( -?9K4+9::0,)( -9:( -9.K( 7C)9:(
!"#$$( /59U( 29( 4,0::,)WUC>+9( 9*( 29( 423*6( @.0( 3443+*09))9)*( +9:49/*0=9G9)*( 3.K( -9.K(7+3)-:( 7+,.49:( -9:( ,*,/845329:( 9*( -9:( 9.*828,:*89):_( \09)( @.9( 29:( 43+32,7.9:( !"#$$(:9G>29)*( 0G420@.8:( -3):( 23( )9.+,78)C:9( 9*( 2?,=,79)C:9( /59U( 29:( -9.K( 9:4C/9:Y( ),.:(3=,):( ,>:9+=8( .)9( -0:*+0>.*0,)( -9:( -,G30)9:( -?9K4+9::0,)( 9)*+9( 29:( -9.K(43+32,7.9:(
!"#$$( -0DD8+9)*9:(-3):( 29:(-9.K( 207)89:Y( /9(@.0( :.77C+9(.)9(8=,2.*0,)(207)89W:48/0S0@.9(-9:(43+32,7.9:(34+C:(23(-0=9+79)/9(-9:(,*,/845329:(9*(-9:(9.*828,:*89):_(F3):(23(G9:.+9(,w( 23(-0=9+79)/9(-9(/9:( -9.K( 7+,.49:( 9:*( :.+=9).9( 2,)7*9G4:( 34+C:( 23( -.420/3*0,)(-9(78),G9(`42.:09.+:(-0U30)9:(-9(G0220,):(-?3))89:aY(/9**9(8*.-9(:.44,+*9(2?564,*5C:9(@.9(29:( 7C)9:( -.420@.8:( 49.=9)*( :.0=+9( -9( ),.=9229( *+3i9/*,0+9( 8=,2.*0=9( :.+( -9( 2,)7.9:(48+0,-9:(8=,2.*0=9:(34+C:(-.420/3*0,)_(
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!36907=J6403
<3( D3G0229( !,K( `!&|W+923*9-( j#^( >,Ka( 9:*( .)9( 3)/09))9( D3G0229( -9( D3/*9.+:( -9(*+3):/+04*0,)(4+8:9)*9(/59U(*,.:(29:(G8*3U,30+9:(9*(),GG89(34+C:(23(-8/,.=9+*9(-.(7C)9(-.(-8*9+G0)0:G9( -.( :9K9'N-5 (/59U( 2?5,GG9(9*( 23(:,.+0:( 9)(EBBI(`^.>>36' %&' ()*( EBBIY(!0)/230+( %&' ()*( EBBIa_( <9:( D3/*9.+:( !,K(4,::C-9)*( .)( -,G30)9( j# (^ -9( ;B( +8:0-.:( @.0(49+G9*( 23( S0K3*0,)( 1( 2?$Fo_( R59U( 29:( =9+*8>+8:Y( 23( D3G0229( !,K( /,G4*9( EB(G9G>+9:( `29(7+,.49( $Y( @.0( /,)*09)*( 29( =0)7*0CG9(G9G>+9( !+6Y( 9:*( :48/0S0@.9(-9:(G3GG0DC+9:a_( <9:(D3/*9.+:(!,K(:,)*(-9:(+87.23*9.+:(*+3):/+04*0,))92:(@.0(7,.=9+)9)*( 23(4+,20D8+3*0,)(9*(23(-0DD8+9)/03*0,)( -9:( /922.29:( :,./59:( 9G>+6,))30+9:( 9*( 3-.2*9:Y( 9*( @.0( :,)*( 43+(/,):8@.9)*( 0G420@.8:(-3):(29(-8=92,449G9)*(9*( 2?5,G8,:*3:09(-9:(=9+*8>+8:( `!3+t3+(n(j,/59-20)79+( HIENa_( <9( D3/*9.+( -9( *+3):/+04*0,)( !,KEE( 3443+*09)*( 3.( 7+,.49( R( `3=9/(!,KQ(9*(!,KEHa(-9(23(D3G0229(!,K_(R59U(29:(G3GG0DC+9:Y(29:(!,K(-.(7+,.49(R(43+*0/049)*(-9(G3)0C+9( +9-,)-3)*9( 3.( -8=92,449G9)*( 9G>+6,))30+9( -9( *+C:( ),G>+9.K( ,+73)9:Y( 9*(),*3GG9)*(-.(/9+=93.(`F6(%&'()*(HIIXY(\53**3+3G(%&'()*'HIEIa_(%2:(43+*0/049)*(9)(9DD9*(3.()9.+,-8=92,449G9)*( 9)( /,)*+d23)*( 23( -0DD8+9)/03*0,)( -9:( /922.29:( 4+8/.+:9.+:()9.+,)329:(`j,:9+(%&'()*(HIIXY( \53**3+3G(%&'()*(HIEIY( [590)(%&'()*(HIEIY(\9+7:23)-(%&'()*(HIEEa_( <?9K4+9::0,)( -9:( D3/*9.+:( !,KEE( 3.( )0=93.( -.( /9+=93.( 9G>+6,))30+9( -9:(*828,:*89):(9*(-9:(,0:93.K(:.77C+9(.)(+d29(/,):9+=8(-9:(!,KR(-3):(29(-8=92,449G9)*(-.(:6:*CG9( )9+=9.K( /9)*+32( -9:( =9+*8>+8:( `F9( #3+*0),( %&' ()*( HIIIY( v3G3/50( %&' ()*( HIIIY(Jq3),75,( %&' ()*( EBBTa_( O3+( 30229.+:Y( /59U( 2?3-.2*9Y( 29:( D3/*9.+:( !,KR( :,)*( 9K4+0G8:(4+9:@.9(9K/2.:0=9G9)*(-3):(29:(-9.K()0/59:()9.+,78)0@.9:(-.(/9+=93.(-9:(G3GG0DC+9:(`29(76+.:(-9)*928(-9(2?5044,/3G49(9*(29(>.2>9(,2D3/*0D(s(}53,(%&'()*( HIIXa(,w(02:( 0)0*09)*(23(-0DD8+9)/03*0,)(-9:(4+8/.+:9.+:()9.+,)3.K(` #.(%&'()*'HIEHa_(R949)-3)*Y(29:(D,)/*0,):(-9:(!,KR(-3):( 23()9.+,79)C:9(3-.2*9(-9:(3.*+9:(3)0G3.K(=9+*8>+8:()9(:,)*(43:(/,)).9:_( <3(D3G0229( -9:( !,K( 9:*( 87329G9)*( 0G420@.89( -3):( 23( >0,2,709( -9( 23( +94+,-./*0,)( -9:(=9+*8>+8:Y(9)(43+*0/.209+(-3):(29(-8=92,449G9)*(-9:(7,)3-9:(`!/53+*2(HIIQY(!3)*,:(%&'()*(HII;a_(O3+(9K9G429Y( 29(7C)9(-.(-8*9+G0)0:G9(-.(:9K9(N-5Y(G9)*0,))8(42.:(53.*Y(/,-9(23(4+,*80)9( !+6( @.0( /0>29( .)( 3G420S0/3*9.+( :48/0S0@.9( -.( 7C)9( N"#^Y( 9*( /,)-.0*( 1( 23(-0DD8+9)/03*0,)(-9:( *9:*0/.29:( 3.( /,.+:( -.(-8=92,449G9)*( -9:( G3GG0DC+9:( `!9t0-,( n(<,=922W\3-79(HIIXa_(<9:(N"#LY(9)(43+*0/.209+(N"#$$U(:,)*(9K4+0G8:(/59U(/9+*30):(4,0::,):(*828,:*89):( -3):( 29:( 7,)3-9:( D9G9229:( 3-.2*9:Y( ),*3GG9)*( /59U( 29( 4,0::,)WUC>+9Y( 23(*+.0*9Y( 9*( 29(G8+,.Y(G30:( 23( D,)/*0,)(-9(/9:(7C)9:( -3):( 29:(,=30+9:(9:*( 9)/,+9( 0)/,)).9(
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